Abstract-This article studies risk factors for physical and social disability among U.S. adults ages 55+ who have arthritis, compared to non-arthritis persons of those ages. The dependent variables refer to difficulties in walking, physical functioning (motions and strength), personal care, and household care. The data set is the Supplement on Aging (SOA) (n = 16,148) that accompanied the 1984 National Health Interview Survey. The SOA data are cross-sectional; relationships of risk factors to disability suggest causation but do not directly demonstrate it. Logistic regressions show that risk factors are similar for arthritis and non-arthritis people, with one important exception.
INTRODUCTION
Arthritis is thedeading chronic condition in mid and late life, and the leading cause of symptoms and limitations at those ages [ 1, 2] , but it rarely causes death. (The most common form, osteoarthritis, is degenerative and nonfatal. One form, rheumatoid arthritis, does shorten life by several years [3, 4] .) High prevalence combined with 168 LOIS M. VERBRUGGE et al. and medical characteristics of respondents that are potential risk factors for disability are stated, with hypotheses. Logistic regressions with cross-sectional net effects of predictors on disability are estimated separately for arthritis and non-arthritis groups. Severe overweight proves to be a distinctive risk factor for disability among arthritis people.
Other research has shown that overweight is strongly implicated in disease etiology, especially for osteoarthritis [5-121. Our results show that overweight is also implicated in disability, once arthritis is present.
MATERIALS AND METHODS

Data source
The Supplement on Aging (SOA) accompanied the 1984 National Health Interview Survey conducted by the National Center for Health Statistics (NCHS). The SOA is based on a probability sample of the U.S. civilian noninstitutional population ages 55+ [13] . Altogether 16,148 persons were interviewed.
The SOA has a complex probability sample; we adjust here for disproportionate sampling and response by using weights provided by NCHS. The arthritis and disability rates are thus estimates for the national population. Complex variances that adjust for cluster sampling are not used. Computed variances are thus underestimates, and we view results at the 0.05 level (0.01 <p < 0.05) as suggestive. Results significant at the 0.01 level (p < 0.01) are considered equivalent to 0.05. (This simple rule is based on statistical research on design effects [14-l 71. Adjusting for complex variances affects total estimates, such as means, far more than regression coefficients; so our use of the rule is a conservative stance.)
Arthritis
In rheumatology, the term "arthritis" encompasses over 100 'specific diseases whose primary, but not always sole manifestations involve the joints [18] . The most common arthropathy is osteoarthritis (OA) (also called degenerative joint disease, or osteoarthrosis). Epidemiological research has identified some factors associated with OA: occupations involving repetitive impact loading on joints, prior injury at or near joints, and obesity [reviews in 19-251. Rheumatoid arthritis (RA) ranks second but is far less prevalent than osteoarthritis. The other arthropathies (e.g. ankylosing spondylitis, crystalinduced arthritis, infective or allergic arthritis) are uncommon.
Rheumatoid arthritis and ankylosing spondylitis are both thought to be spurred by immune system disorders.
In the SOA, arthritis status is based on selfreported chronic conditions that are extensively probed by interviewers for diagnosis name, symptoms, duration, etc. and then medically coded by a special team of NCHS coders. They assign the most specific International Classification of Diseases (ICD) code possible to each condition. (None of the probed details are separately coded.) An ICD code for arthritis occurs in two basic situations: (1) when the respondent states that a physician or physician's assistant diagnosed the condition as "arthritis" (either that name or a more specific one such as "osteoarthritis") or (2) when a non-diagnosed respondent uses that term and all additional details recorded about the condition corroborate it. The span of ICD-g-CM codes for arthritis used by NCHS is: 71 l.b,0,9; 712.b,8,9; 714-716; 720.0; 721. (The letter "b" denotes blank. Three-digit entries are inclusive of all fourth digits b&9.) The specific titles are listed in Appendix 1. Excluded from arthritis are such conditions as vertebrogenic pain syndrome, cervical/spinal stenosis, regional pain/stiffness of unknown disease origin, and gout (a metabolic disorder with pronounced joint symptoms).
Fourteen percent (14%) of the arthritis conditions reported in the SOA had sufficient information for specific disease codes: 5% are osteoarthritis (ICD 715), 3% are rheumatoid arthritis (714.0), 6% are axial arthropathy (721) (or spondylosis; this is non-inflammatory osteoarthritis of back), and less than 1% are other forms. The data set does not allow us to check the diagnostic accuracy of these specific titles.
The large majority of arthritis conditions (86%) are coded as non-specific arthritis (ICD 716.9) . Medical coders determined that some form of arthritis was present but could not arrive at a more precise title. Most of the conditions are almost certainly osteoarthritis, though there is no way to prove that.
The number of persons with arthritis in the data set is 7395 (unweighted; 7057 weighted). Our analyses focus on this arthritis group as a whole. This approach is in keeping with the scope of arthritis in national statistics from the National Health Interview Survey. For readers specializing in the rheumatic diseases, we also estimate models for three key subgroups: osteoarthritis (OA), rheumatoid arthritis (RA), and axial arthritis (AA). OA contains non-spinal refers to gross mobility (any difficulty walking) (715) and unstated (716.9) locations of arthritis.
and 2 items to local motions and strength RA is specified rheumatoid arthritis (714.0), (any functional limitation; 5 + functional limiplus a few cases of unspecified inflammatory tations). Functional limitations are common, so polyarthropathy (714.9). AA is cases with we study both a low threshold of disability (any) (osteo)arthritis in the spine or neck (721). The and a high threshold (5+). For social disability, numbers of persons in the three subgroups are there is 1' item for personal care (any ADL 6950, 249, and 437 (unweighted) , respectively, difficulty) and 1 for household care (any IADL and 6575, 255, and 385 (weighted) . Given the difficulty). Social disabilities are not common small sample sizes for RA and AA, we view any (data shown soon), so only one threshold (any) distinctive results for them as only suggestive.
is studied. The non-arthritis comparison group is all persons without arthritis. Their number is 8753 (unweighted; 9 190 weighted).
Disability
Arthritis causes pain, limited motion, and deformity in the affected sites. These make it difficult for people to accomplish daily tasks easily, rapidly, 'or at all.
We distinguish two kinds of disability: physical disability refers to basic musculoskeletal functions such as bending, lifting, walking. Social disability refers to "whole" social tasks such as eating, dressing, going shopping. Arthritis initially causes physical dysfunctions, and these in turn can induce social dysfunctions. Medical, psychosocial, and environmental factors can increase or decrease the likelihood of disability; the former are risk factors and the latter are buffers. This conceptual scheme is described more fully elsewhere [26] .
The walking item is based on a single question. The other 4 items are based on multiple questions about specific activities. (For the latter, our analyses identify risk factors for difficulty in broad activity arenas, rather than very specific activities, We consider this a suitable stance for the SOA since it lacks specificity about the location and clinical status of arthritis conditions. If such information were available, one would seek to identify specific functional outcomes of upper and lower extremity disease, of symptomatic and asymptomatic disease, etc. In its absence, it is sensible to study more global outcomes, deferring the specific analyses for a richer arthritis-focused data set.) Appendix 2 shows question wordings for all 5 items.
Predictors
Disability instruments developed in gerontology research and used in community surveys such as the SOA emphasize social disability in personal care and household tasks [27-311. Personal care tasks are referred to as "(basic) activities of daily living" (ADL), and household tasks as "instrumental activities of daily living" (IADL). Other valued but more discretionary activities of daily life such as hobbies and civic participation are queried less often.
Disability analyses sometimes focus on degree of difficulty in performing a task, sometimes on dependency (whether respondent needs help from another person to do task). Choosing "difficulty" reflects interest in measuring disease consequences on a person's capabilities, whereas "dependency" reflects interest in use of and needs for longterm care. In this article, we use difficulty items; our goal is to locate sociodemographic and medical factors that prompt dysfunction among persons with arthritis.
We study five dichotomously-coded dependent variables. For physical disability, 1 item
The predictors are divided into three groups: (1) Sociodemographic characteristics are fixed features of the individual that can influence disease severity and adaptation. We study age, gender, race, marital status, and education. (2) Comorbidity comprises other health problems present which could, by themselves or interacting with arthritis, cause disability. We use a count of other chronic diseases (besides arthritis), a count of structural/sensory impairments, and an overweight indicator (Body Mass Index, or BMI). A variety of overweight measures were assessed for this analysis, including BMI (also known as Quetelet index) (weight/height2, weight (kg), height (m)), Metropolitan Relative Weight (using the 1959 Metropolitan Life tables as denominator; sex-specific, medium frame), and Internal Relative Weight (using SOA regressions of weight =f [height] as denominator; sexspecific). These proved very similar in their associations with disability, so we opted for the simplest and widely-known BMI. augment disability. The sole items available in the SOA are duration (time since condition was first noticed by respondent or physician), treatment status (recency of care for arthritis), and injury origin (attributed by respondent). Note that target morbidity items exist only for the arthritis group; they are inapplicable for the non-arthritis group. Ideally, we would like to include items about arthritis site(s), pain, botheration, and medically-defined severity. But the data set was not constructed to answer such disease-specific questions. Our analysis uses maximally the information that is available for target (arthritis) morbidity.
Hypotheses
The predictors are all potential risk factors for disability. We hypothesize these net effects for arthritis people: (1) Probabilities of disability rise with age, diminish with education, and are higher for females, non-whites, and nonmarried persons. These hypotheses parallel sociodemographic differentials commonly found in health research (for gender [37-391; for marital status, [4042] ; for education [43] [44] [45] [46] [47] ). The precise risks embedded in the social characteristics and gender are not yet known.
(2) Disability is more likely as numbers of (other) chronic diseases and impairments rise, and for overweight people. (There is a large research literature on effects of overweight on mortality, chronic disease, and psychosocial outcomes; reviews and empirical examples are in [48-531.) (3) Long duration of arthritis and recent medical care for arthritis indicate greater severity; these are the best measures of severity available in the SOA. Disability is expected to rise with duration and to decline with time since medical care. No hypothesis is stated for injury origin; we explore if it elevates disability or not.
RESULTS
Arthritis prevalence
Based on the SOA, prevalence rates of arthritis increase with age up to 85+, and are higher for women than men at all ages (Table 1) . Rates for OA, RA, and AA from the SOA are also shown. The stasis or small decline in arthritis rates at very elderly ages is counter to clinical evidence and medical knowledge about the condition, yet other scientific studies have found the same phenomenon [54-561. The reasons are not yet known; it may reflect institutionalization of elderly persons with severe cases of arthritis (thus siphoned away from the community-dwelling population represented in the SOA) and, to a lesser extent, early mortality of people with rheumatoid arthritis.
The rates in Table 1 are very similar to those based on the annual National Health Interview Survey (published in Vital and Health Statistics, Series 10). Population-based rates for specific arthropathies based on medical criteria, rather than health interviews, are reported in Refs [ 19-2 1, 56-641. Prevalence rates for OA and RA based on medical criteria (X-rays and physician examination) [59, 60, 63 ] are lower than rates based on interviews. A key reason is different scope: interview rates are person-based (arthritis in any site), whereas medical ones are usually site-specific (hand, knee, hip, etc.) . One report that compares interview and exam rates for specific sites finds higher overall rates for the interviews [65]. overweight, compared to non-arthritis people. with age. Women are more likely than men to be disabled (all 10 OR > 1.00, 6 p < 0.05, 5 Disability d#erentials p < 0.01). The significant differences are in two domains: functional limitations and household Arthritis people are more likely to be dis-care. For the former: looking at the 10 specific abled, by two to threefold, than non-arthritis motion/strength items included in functional Non-arth.
Arth.
Non-arth.
Non-arth. Married people have lowest likelihood of being disabled (for non-married groups, 29 OR > 1.00, 16 p < 0.05, 10 p < 0.01). There is one very consistent finding for the non-married groups: widowed people (with arthritis) suffer disability more often than their married peers. The reasons are not obvious: although disability can be exacerbated when a spouse who helped with household tasks and offered emotional support dies, that is not pertinent here. Our dependent variables measure the intrinsic presence of disability, regardless of whether personal assistance or special aids are present. As education rises, chances of disability decline (29 of 30 OR > 1.00, 23p f 0.05, 18~ < 0.01). This may reflect lesser severity of chronic conditions including arthritis, higher overall robustness, or easier (less physically demanding) household and neighbourhood environments with higher education.
(1) (2) (3) Our hypotheses about risks for disability are supported, with the addition of finding underweight an ostensible risk (more discussion shortly). A given risk factor typically operates on both physical and social disability. (Exceptions are gender and injury origin or arthritis; their effects are largely or solely on physical disability.) The risk factors for disability are similar for arthritis and non-arthritis people. There are few exceptions; the most important involves weight status. We now explore this exception closely.
The risks of overweight and underweight
Odds of disability rise steeply with numbers of chronic diseases and impairments people have (all OR > 1.00, 27 of 30 p < 0.001 for chronic diseases, all 20 p < 0.001 for impairments). Weight status has different effects in the two groups: for arthritis people, severe overweight (BMI 2 30) and underweight (BMI < 20) are both associated with disability (all 10 OR > 1 .OO, 8 p < 0.001). There is some evidence of a dose-response relationship; ORs rise from overweight to severe overweight for all 5 dependent variables. But for non-arthritis people, only underweight is associated with disability (all 5 OR > 1.00, all p < 0.001).
For them, severe overweight shows 4 of 5 OR < 1 .OO, all non-significant.
Severe overweight has marked disability impact for arthritis people, but not their nonarthritis peers. This is portrayed in Fig. 1 , which shows expected means by weight status for the two groups. The severe overweight ORs are significantly different for arthritis vs nonarthritis people for walking difficulty, high functional limitations, ADL difficulty, and IADL difficulty (4 of 5 dependent variables, 3 p B 0.01). (95% confidence intervals for severe overweight do not overlap for the arthritis and non-arthritis groups, for the 4 outcomes just noted.)
The consistent positive effect of underweight on disability is surprising. The most likely explanation is that some underweight people are especially ill and have lost weight as a result; thus, our controls for comorbidity could be incomplete in the model. To explore this, we estimated models of the form Y =S[age, gender, race, BMI] within specific levels of comorbidity. We did this with 3 different morbidity indicators: No. chronic diseases besides arthritis (0,1,2,3-4,5+), No. impairments (0,1,2+), and total No. chronic conditions (0,1,2,3-4,5+). All models were estimated for the total sample, the arthritis group, and the non-arthritis group. Among arthritis people, disability rises with Results show that underweight has negligible disease duration (all 10 OR > 1.00, 6 p < 0.05, association with disability among healthy 3 p < 0.01) and recency of medical care for people, but increasing impact as health worsens. arthritis (all 10 OR > 1.00, 9 p < 0.001). These Severe overweight, too, has more pronounced Table 2 ). Total No. of chronic conditions is a count of all chronic diseases and impairments for the person. effects as health worsens; this is especially clear for the arthritis group. Importantly, these patterns are more striking for the two covariates involving diseases than for the impairment covariate. Weight loss is a more typical consequence of multiple diseases than of multiple impairments. To portray these results, Fig. 2 shows the BMI patterns for the total sample stratified by total number of chronic conditions (other results available on request). In summary, people with numerous chronic conditions are more ill than simple counts of their problems convey [further analyses in Ref. 701. Very ill people tend to lose weight; the impact of this unmeasured morbidity is carried by underweight in the data set.
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Predictive poker
In logistic regression, predictive power is measured by percent reduction in error for a model. It increases as models are enlarged with specific predictors (Xs). Table 4 shows the predictive power for the main
comorbidity] and other larger and smaller models estimated.
The key results: (1) The main model accounts for disability among non-arthritis people better than arthritis people. This result is consistent but has no ready explanation (suggestions welcome). (2) Smaller regressions with each predictor set show that comorbidity is the most important factor for disability, with sociodemographic variables next, and target morbidity last. Thus, a person's collection of chronic conditions is the main reason for disability among both arthritis and non-arthritis people. Still, sociodemographic characteristics contain aspects of global robustness, mental wellbeing, culture, and resources that have important main effects. The low importance of target morbidity stems, we believe, from the weak indicators available in the SOA. If more were known about the site(s), symptoms, and severity of arthritis, the contribution of target morbidity would rise and might even displace sociodemographic factors in importance.
Risk factors for subgroups: OA, RA, AA
Although the arthropathies have diverse etiologies and manifestations, personal and medical factors that prompt disability for diseased persons may be shared across them. In other words, risk factors for the diseases may be quite different, but risk factors for disability quite similar.
We study three subgroups of arthritis: OA, RA, and AA (ICD codes noted earlier). There are important differences in disability and sociomedical risks among them: (1) persons with RA are more likely to experience physical and social disability than persons with OA and AA. The AA group has intermediate levels, and OA group lowest levels. (2) RA persons tend to be younger, more female, and more educated than the other groups. Their medical profile is also distinctive; they have fewer impairments (but similar numbers of chronic diseases), and their arthritis has notably longer duration and more The patterns of odds-thus, the identified risks-are essentially the same for OA, RA, and AA as for arthritis overall. Because of small sample sizes, the RA and AA results do not often achieve statistical significance. Not surprisingly, the OA odds are almost identical numerically to those for arthritis overall.
(Only three distinctive results appear in this series of regressions: (1) women with RA are much more likely to have physical dysfunctions than men with RA. This result stands out from the usual situation of small non-significant gender differences, with women's odds above 1.00. (2) Having other chronic diseases increases disability markedly for AA persons, more so than for OA and RA persons. (3) Severe overweight increases disability for OA and RA, but not for AA persons. We note the three results without interpretation. These distinctive results are minor in the context of fundamental similarity in risk factors for disability for the three subgroups.)
Longer life spent with medically managed fatal conditions and accumulating non-fatal ones implies more years of disability for individuals [72-791. In scientific research, standard epidemiologic perspectives used in analyses of disease onset are now being applied to analyses of disease consequences such as disability. This is called the "epidemiology of disability". The goal is to identify risk factors that propel disability among persons with a given disease. In short, the outcome of interest is p {disability) for the general population or persons with a given disease, rather than p {disease}.
This analysis is a study of the epidemiology of disability for persons with arthritis. To determine if disability risks are in any way special for arthritis people, we compare them to nonarthritis people throughout the analysis. We find that the same social and medical factors drive disability for arthritis and non-arthritis people, with one important exception. Table 5 presents disability levels of the three subgroups and ORs for the walking variable (others available on request).
DISCUSSION
A principal concern of epidemiologic research is disease etiology; i.e. identifying factors that initiate pathogenesis and clinical expression of disease. Cross-sectional and longitudinal studies have identified putative and confirmed causal factors for prominent life-threatening diseases, and this knowledge has penetrated medical care and personal lifestyles. Research interest in common non-fatal chronic conditions such as osteoarthritis, low back pain, sensory impairments, urinary incontinence (etc.), had lagged behind. Lacking knowledge about causes, little can be said or done to prevent onset of such conditions. The similarities are: (1) the primary importance of comorbidity (other chronic diseases and impairments present) and (2) the secondary importance of sociodemographic factors, notably older age, female gender (for functional limitations), non-white race, widowhood (arthritis group only), and low education. (3) For both the arthritis and non-arthritis groups, being underweight is associated with disability. This effect is concentrated among very ill people. Further analyses support the conclusion that underweight itself does not increase disability, but instead that underweight and disability are concurrent outcomes of extreme illness. (Finer controls for extreme illness, if available, should eliminate the underweight effect.)
The important exception is for severe overweight: being very overweight increases disability only among arthritis people. These results align closely with knowledge about OA etiology, showing overweight/obesity to be a strong risk factor for disease onset (referenced earlier). Thus, this modifiable risk is implicated not only in arthritis etiology but continues to be important in its functional consequences. The SOA data are cross-sectional and cannot answer with certainty questions of causation-if severe overweight causes or elevates disability for arthritis people, if losing weight alleviates it, or if disability and ensuing reduced activity cause weight gain. We have emphasized the first causal route in our discussion because it parallels the etiologic evidence. But the other routes are plausible and if true, are imbedded in the SOA results as well.
The scope of the SOA analyses deserves mention once again: we identify risk factors for broadly defined areas of physical and social function (walking is the only specific activity studied) among U.S. adults with all forms of arthritis. Data sets with more detail about arthritis sites and symptoms and with diagnosisbased disease status are better suited to locating risk factors for specific activities. We hope this article encourages further study of the disability consequences of overweight in arthritis populations.
